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Abstract*

A Stark-modulated spectrometer has been constructed for

operation in the S-band region, A search in the range from 2150-
LLOO Mc/sec has led to the discovery of several lines, three of
vwhich have besen identiiied as the 61 - 62, 96 = 91, and ho - 5-5
transitions at 2394.6 Mc/sec, 30LL,7 Mc/sec, and 2888 Mc/sec
respectively, The identification of the 12_1 - 12o transition
is no* certain as yet, but it is either at 2961 Mo/sec or at
2991 Mc/sec, It was found that the centrifugal distartion for-
xula of Kivelson and Wilson could be used to fit all the known

Q-branch lines of HDO,

Hon Bt Nl st Al oy 8 b NI B o Shbir Do i 0



I, Introduotion

Until recently, most of the spectroacopic work in the
microwave region has been done at the higher frequencies, that is,
in the millimeter range and at K and X-band, The main reasons
for this are that intensities are lover at the lower {requencies
and the number of molecules expected to exhibit low frequency
spectra are less numerous than those with high frequency spectra,
However, neither cf these reasons is prohibitive, and it appears
that much useful work can be done in this region,

The first molecule which we have chosen for investiga-
tion in the S-band region is the asymmetric rotor HDO., A search
vas made for three lines in the absorption spectrum of this mole-
cule, The frequencies of these transiticns had been predicted by
Zing, Hainer, and Crossl, using the parameters )¢ = -0.685 and i—;-g &

8,495 em™!, and are showm in Table 1.

Table I. Lines predicted to fall in the S-band region,

Transition Prequency (Mc/sec) Intensity (mn"l)
§ -6, 3000 3.6 x 1077
-8
- Q
90 9 3500 L x10
12 -12 4200 2 x107

The intensities )isted by KHC! have been corrected here on the
basis of experimental data on the line-width parameter,
Previous in'-'em.1.gat.1.oru;2’3 of this molecule had not
yielded enough data for the evaluation of the structural para-
meters of this molecule, Therefcre it was realized that the dis-
covery of these lines and the measurement of their frequencies

would ba of considerablie significance,




.
II, Theory

In our present work we have made detailed analysss of
Q-branch or "a® -type transitions, for which AJ = O and AK_I 2
O. The principal parameters involved are:

152 wma xa PSR,
where a, b, and ¢ are the rotational constants relative respec-
tively to the principal axes of least, intermediate, and great-
est moments of inertia, The rigid rotor frequency )Jo may be
c&l‘culatod in terms of these by the msthod of King, Hainer, and
&'ossh.

However, _1n such & 1ight molecule, centrifugal distor-
tion effects are large, and therefore the rigid rotor approxima-
tion is not adequate, Recently Kivelson and Wnsoné using first
order perturbation theory, have derived a formula for correction

of rigid rotor frequencies,

V2V {1+ CanTcTr) Spy + O6-DT(THID, foomp

- 4./?k(,(l*)_)4>% ~ %K(k")(lk—/) DK/@.;
*EA ) RG-FYp] o= £,

where ¥ is the corrected frequency, H and G = P are functions of

(1)

X, and for HDO K equals ‘he index x_l. SJ, DJK’ RS, DK’ and R6

are centrifugal distortion parameters, Therefore, for corplete
amlysis of these transitions these five parameters and the two
above are evaluated by observing at least seven absarption lines
and adjusting these parameters to give Equation (1) the best pos

sible fit to the observed frequencies,
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Due to the fact that the rotational constants of HDO
vere known only roughly in the beginning, it was quite difficult
to be certain of the identifications of the observed lines on
ths basis of their positions Alone, Altaough the relative in-
tansities were known fairly well, certain identification vas
not possidle by this method either, For this reason, Stark
effect data were invaluable, Applying the results of (Golden and
Hnson6 to the problem of HDO it was found that, for purposes
of identification, the splitting A) for Q-branch iransitions
may te written, with sufficient accuracy, as

P X by P 3
Ay = ;/JLE AN )
CIrN(T+)I* Y

J (2)

vhare/ﬁis the component of the electric dipole moment along the
molecule - fixed axis g, E is the magnitude of the electric field,
>3
@ “1s the 1ine strength for the transition, h ) is the transi-

tion energy and M is the magnetic quantum mmber,

T11, Apparatus and Experimental Techniques

The spectrometer employed Stark modulation and, except
for the features directly due to its comparatively low operating
frequency, was conventional in design. The absorption cell con-
sisted of 3% x 14" waveguide . and was 20' long, With 707, 726A,
2K29, and 2X55 klystronz, the range from 2150 - LLOO Mc/sec could
be covered, The square wave Stark voltage generator opera‘ed at
S000 cps., and the voltage was variatle between zero and 1000
volts, The detecting system was composed of a 1N21B waveguide
crystal detector, a preamplifier, a twin “T" i-plifier tuned to

S000 cps., phase sensitive detector7, and Esterline-Angus record-
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ing milliammever, The preamplifier had a measured noise figure
of L 4L, The input stege had a U,T.C, L-3 20 high fidelity 2:1
ratio audio transformer in the input with a §SJ7 pentede, Un-
doubtedly, the noise figure could have been improved by the
use of a tricde, but such an improvement seemed to be unnecessary
sinoe the ma jor part of the noise in the systexm appeared to come
from the klystron and the crystal,

One novel technique which has been employed is the
Lissajous presentation, A sine weve voltage synchronous with
the S000 cps, Stark voltage generator is applied to the horizontal
plates of a cathode-ray oscilloscope, preferrably one laving a
long persistent screen, and the output of the tuned emplifier is
applied to the vertical plates, The frequency of the klystron
is swept slowly, at a rate of about one or two megacycles per
minnte, by means of 2 motor driven potentiometer in the reflector
circuit, As the frequency of the kl¥stron passes through the ab-
sorption frequency of & line, & 1:1 Lissajous pattern is seen to
appear and then disappear, The brain of the operator serves as
a phase sensitive detector, recognising the lLissajous pattern
and rejecting all else as irrelevant, The sensitivity of this
method approaches that obtained with an electronic phase sensitive
detector and recording meter since the integration time of a train-
ed operator may be as much as several lecondna. In fact, most of
the weaker 1ines which will be listed below can be observed by this
method,

A secondary ffequency standard has been constructed for

frequency measurements, The heart of this standard consisted of

M
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the transmitter of a SCR-522 war swplus aircraft radio, This vas
used to generate either 90 or 135 Mc by multiplication of a funda-
mental frequency of 5 Mc, These frequencies were applied to a
1N21 crystal wvhioh produced harmonics of 90 or 135 Mc of useable
intensity in the S-band region, Far interpolation purposes a
crystal detoctor and a SX-63 receiver were used in the standard
mamer, For accurate measuremeuts a Bliley BCS temperature-
.upuu.a 100 ke crystal osocillator was available, This signal
oould be multiplied to 5 Me and. could then be synchronised to
WWV, However, for most search work, the oscillator in the trans-
mitter wvas used with a nonstabiliszed 5 Mc crystal to generate the
input frequency because of its convenience and greater freedom
frem spuriocus responses, This has been found to agree with the
100 kc unit to within 1 or 2 parts in ld', an accuracy which is
more than adequate for most search wori,

A system for stabilising the klystron frequency to dif-
fer by soms pre-assigned amount from one of the harmonics of the
frequency standard’ has been installed, but it has not been em-
ployed to any important extent in the present measurements, In
this system, the voltage developed on the F-M discriminator of
the SX=63 interpolation receiver is used as an "error® voltage,
After dec amplification, it is applied to the reflector of the
klystron with proper sign to correct for any deviation from the
difference determ.ned by the setting of the receiver, Tha fre-
quency may be swept through & small rangs by 2riving the tuning
dial of the receiver with an electric motar, This system fails

to opercte when the desired frequency is midway between ihe
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harmonics of the standard since the situation is confused by twe
regponses, In this case, it 13 necessary to change the fundamental
frequency by substituting some other crystal in the range from L,5
to 9Mc, It is partly for this reason that prcovision is madse for

operation with high frequency crystals,

IV, Results and Corclusions

The lines which have been observed are listed in Table
II, The gaps in Table II suggest several details yet to be in-
vestigated, Also, in time, several of these frequencies will be
measured more accurately,

The identifications of the 6l -6 y and 90 - 91 lines
vere made from the resolved Stark splittings as shown in Figures
1 and 2 respectively, The me;sured rcoefficienta agreed within a
few percent with those calculated by Equation (2) in section II,
The observed intengities were also in agreement with the ealcu-
lated ones, In Figure 2 there is a spurious peak between the
M =+ 6 and the M a2 + 7 components, The position of this peak
was not affected by wariation of Stark voltage, -Also, it is to
be noted from the frequency markers at the top of the Figure that
the M =+ 6 and H;—-_O_-'I components are not as widely separated in
frequency as might appear at first glance, Except at the ends,
these markers are at 1 Mc intervals,

The 2883 Mc/sec 1ine was idantified as the ho - 5_5
transition because its observed intensity was consistent with a

8

calculated intensityl of 1 x 10™° em™l, The rigid rotor frequency

of this transiiion has been recalculated and was found to lie in
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the S-band region, The calculated Stark coefficient for the ho -
S_S transition was so small as to make resolution impossible, while
for the 28856 Mc/sec 1ine no Stark splitting could be observed,

This identification has been confirmed from infrared rotation=-
vibration datal®,

It is t~ be assumed that one of the remaining lines is
the 12’_1 - 120 transition, which is predicted to fall in this re-
glon according to Table I, The most 1likely choices, on intensity
considerations, are the 2961 Mc/sec and the 2991 Mc/sec lines, It
is wcertain whether positive identification by Stark effect can
be made since, with such a high J transition, resolution is dif-
ficult and the components, if resolved, have intensities hardly any
bigger than noise, The observations of the Stark splittings of thess
two 1lines were inconclusive, However, the line at 2961 Mc/sec show-
ed a pressure dependence similar to that of the 61 - 62 and 9o - 91
lines, On the other hand, the 2991 Mc/sec line was insensitive te
pumping, although it disappearsd upon cooling with dry ice, There-
fore, it is possible that this latter line, as well as the one &t
2836 Mc/sec which showed a similar behaviour, may be due to a heavy
contaninant,

Calculations vere made to fit the centrifugal distortion
formula of Kivelson and Wilson to all known Q-branch lines, These
calculations also favor the 2561 Mc/sec line over the one at 2991 Mc/
sec as the 12_1 - 12’9 transition and exclude the possibility of
either the 2836 or 307L Mc/sec line having this identification, The

results of these calculations together with the values of the prin-
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oipal parameters are shown in Table 3, It will be seen that both
fite are resasonadly good but the one empleying 2961 Mc/sec is some-
what better,
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results, They alse wish to thank Mr, Leen Arnell and Mr, Leenard

Yarmus fer help in building seme ef the electrenic circuits and te

M-, Howard Qreendberg for help in performing some of the calculations,

Table 3
Comparisen of Caloulated and Observed Frequencies

Transition Observed Frequency Observed - calculated frequency Reference

(Mc/sec) See Noete A See Note B

2 -2, 10, 278,99 +0,03 -0,06 3
30 - 31 50,236,90 =010 +0,10 3
hl - h2 Unpublished «0,05 +0,02 1
S _~ S1 22, 307467 40,17 =0e53 12,3
6 e 6 2, 39’406 =0,1 "005
1 2
70 - 71 Unpubl ished +1,0 =343 11
8 e 80 Unpubl ished =1,3 -lLol 11

- ¥ . =le =Je
90 91 3, 0l4,5 147 Se8

2’ %1 *-1.7
¥ 12 _=-12
-1 0 2,991 +5.0

Note A: Calculation based upon the assumption that the asymnetry para-
meter K - ~0,6827; that (a~c) 2/ = 8,495 em~l; and that the i
2,961 Mc/sec is the 12 - 120 transition,

Note B: Calcuiation based upon the assumption that the asymmetry para- h

meter K = ~0,6821; that (a-c)/2 = 6,450 cn'l; and that the

2,991 Mc/sec line is the 12"1 - 12o transition,
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# This report contains essentially the subject matter of a contributed
paper, No, BS, at the Meeting of the American Physical Society in Cam-
bridge, Massachusetts, on January 22, 1953, However, since the ab-
stract for that meeting went to press some time in advance it does
not completely represent the paper as given,
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